Aims: To estimate the general and specific incidence of occupational asthma in France in 1996-99; and to describe the distribution of cases by age, sex, suspected causal agents, and occupation. Methods: New cases of occupational asthma were collected by a national surveillance programme, based on voluntary reporting, named Observatoire National des Asthmes Professionnels (ONAP), involving a network of occupational and chest physicians. For each case, the reporting form included information on age, sex, location of workplace, occupation, suspected causal agent, and methods of diagnosis. Estimates of the working population, used to calculate incidence rates by age, sex, region, and occupation, were obtained from the Institut National de la Statistique et des Etudes Economiques (INSEE) and from the French Securite Sociale statistics. Results: In 1996-99, 2178 cases of occupational asthma were reported to the ONAP, giving a mean annual rate of 24/million. Rates in men were higher than rates in women (27/million versus 19/million). The highest rate was observed in the 15-29 years age group (30/million). The most frequently incriminated agents were flour (20.3%), isocyanates (14.1%), latex (7.2%), aldehyde (5.9%), persulphate salts (5.8%), and wood dusts (3.7%). The highest risks of occupational asthma were found in bakers and pastry makers (683/million), car painters (326/million), hairdressers (308/million), and wood workers (218/million). Conclusion: Despite likely underreporting, the number of cases of occupational asthma reported to the ONAP was approximately twice the number of compensated cases over the same period. The relevance of the programme is confirmed by the reproducibility of the results year after year, and its consistency with other surveillance programmes. The ONAP programme is useful for the identification of targets for primary prevention.
O ccupational asthma is one of the commonest occupational respiratory diseases in industrialised countries. 1 It has been estimated that occupational factors are associated in about 1 in 10 cases of adult asthma. 2 A recent population based follow up study, conducted in Finland, has even estimated that the fraction of asthma incidence attributable to work was 29% for men and 17% for women. 3 Occupational asthma affects young and economically active patients and may result in serious respiratory disability, 4 5 as well as severe socioeconomic consequences. 6 In France, information on the incidence of occupational asthma in the general working population or in specific occupations is mainly derived from compensation statistics available from the French Sécurité Sociale. Although useful, these data do not give a true representation of this public health problem, as, it has been shown that a significant number of workers with occupational asthma do not claim for compensation for fear of losing their job. Furthermore, published data suggest that occupational asthma is underdiagnosed and underreported in France. 6 Accurate knowledge about the incidence of occupational asthma, the occupations concerned, and causative agents is necessary in order to implement effective preventive measures. In this field, surveillance programmes have proved to be very effective. Such programmes have been established in Finland, 7 the United Kingdom, 8 9 the USA, 10 Sweden, 11 Canada, 12 13 and more recently Italy 14 and South Africa. 15 The French surveillance programme of occupational asthma, inspired by the SWORD scheme, was created in 1996 by the Société Française de Médecine du Travail (SFMT; French Society of Occupational Medicine) and the Société de Pneumologie de Langue Française (SPLF; French Language Society of Pneumology). It was named Observatoire National des Asthmes Professionnels (ONAP). 16 It was set up in order to develop a monitoring system for occupational asthma in France and to promote primary prevention based on a better knowledge of the incidence of occupational asthma by sex, age, and occupation, and a better knowledge of its causal agents.
In this article, we describe the surveillance programme and present the clinical characteristics, causal agents, and occupations identified in the first four years of the programme (1996-99), and the incidence rate by age, sex, region, and occupation.
METHODS
Structure and set up of the reporting scheme Based on voluntary reporting, the ONAP involves a network of physicians, mainly occupational and chest physicians. It was started in January 1996. Information letters including the reporting form were sent by the SFMT and the SPLF to all members in France. Invitations to participate in the ONAP were also published in the Info Respiration SPLF journal. Information on the goals and methods of the surveillance programme was also presented at several national and regional scientific meetings. Twenty five occupational medicine departments located in university hospitals, distributed all over the French territory, participated in ONAP. These departments are reference centres to which patients with suspected occupational diseases are referred by occupational physicians. Since 1997, the network has been expanded to include the physicians who grant statutory compensation for occupational diseases in the Ile-de-France region (Paris and surrounding areas). Furthermore, 59 corresponding members were appointed, to give information on the ONAP programme to occupational and chest physicians who are not members of the SFMT or SPLF, and to distribute and collect the reporting forms. As it has been shown that a successful surveillance programme requires a rapid feedback to the participants, the corresponding members were also responsible for circulating ONAP data, which are periodically updated, to the greatest number of physicians in France. The corresponding members were physicians working in occupational medicine departments, chest physicians working in university hospitals, and occupational physicians responsible for large occupational health services or regional occupational medicine societies.
Individual reports
The participating physicians were asked to report all new cases of asthma that they considered to be work related. For each case, the reporting form included information on the worker's age, sex, occupation at the time of diagnosis, type of industry, workplace location, and suspected agent. The reporting form also provided information on methods of diagnosis: measurement of bronchial non-specific responsiveness, specific IgE, specific skin prick tests, serial peak expiratory flow rates, serial flow-volume curves, specific nasal provocation tests, specific bronchial provocation tests. Three categories were proposed to the reporting physicians to characterise occupational asthma: typical asthma (with latency period), asthma-like syndrome (or atypical asthma), and reactive airways dysfunction syndrome (RADS; without latency period). The physician's opinion concerning the relation between work and asthma was requested and classified as certain, likely, and possible. To avoid duplicates, the first three letters of the surname, the first name, and the complete date of birth were provided. The information from each reporting form was entered into a computer database.
Calculation of the incidence rates Data on the general working population and the number of workers in different occupations were obtained from the Institut National de la Statistique et des Etudes Economiques (INSEE) 17 and from the French Sécurité Sociale statistics. They were used to estimate incidence rates by occupation, region, sex, and age. Because of the difficulties in obtaining precise information on the number of self employed workers, the calculations concerning the average annual reported incidence of occupational asthma by occupation were based only on salaried workers.
Confidence intervals (CIs) were calculated for rates by occupation, region, sex, and age, based on the Poisson distribution. 18 The ONAP programme has been approved by the French Commission Nationale de l'Informatique et des Libertés (CNIL), a commitee for computer privacy rights.
RESULTS
In 1996-99, a total of 2178 cases of occupational asthma were reported to the ONAP. Men constituted 63.1% of the cases (n = 1375), women 36.9% (n = 803). Fifty five per cent of cases were reported by physicians from occupational medicine departments, 24% by chest physicians, 10% by occupational physicians, 7% by physicians granting statutory compensation for occupational diseases in the Ile-de-France region, 3% by allergists, and 1% by other sources. Mean age was 37.3 (11.5) years and was similar for men (37.6 (11.8) years) and women (36.7 (11.0) years). A peak of frequency was observed in the 25-29 and 30-34 year age groups (16.4% and 15.3% of cases, respectively).
Based on a working population in France of 23.06 million, the annual reporting rate was 24 per million for the whole population, 27 per million for men, and 19 per million for women (table 1). Notable differences were observed between regions (table 2) .
Cases of occupational asthma were considered by the reporting physicians to be typical in 78.8% of cases, atypical in 15.7% of cases, and RADS in 5.5%, of cases. Reported attempted methods of diagnosis were measurement of bronchial non-specific responsiveness (55.5% of cases), skin tests (48.3%), specific IgE (47.0%), serial peak expiratory flow rates (31.0%), serial flow volume curves (25.7%), specific nasal provocation tests (13.0%), and specific bronchial provocation tests (11.4%).
The relation between work and asthma was considered by the reporting physicians to be certain in 56.0% of cases, likely in 25.9% of cases, and possible in 18.2% of cases.
Among the various aetiologies reported in the four year observation period, biological agents represented 48.6% of suspected agents, chemical agents 42.8%, and metals 2.5%. Table 3 reports the most frequently suspected causal agents. There were great differences in suspected causal agents between men and women. Flour and isocyanates were the two most commonly suspected causes of occupational asthma in men, while latex and persulphate salts were the most frequently suspected causes in women. The greatest number of cases of occupational asthma was observed in bakers and pastry makers (table 4). The distribution of occupations according to gender also showed notable differences between men and women. Bakers and pastry makers were by far the most numerous in men (29.2%), versus health workers in women (26.4%). The highest incidence rates of occupational asthma were observed in bakers and pastry makers, and in car painters (table 5) .
Trends observed over the four year observation period were the increasing number and proportion of cases of occupational asthma in women, the decreasing percentage of occupational asthma attributed to isocyanates, and the increasing number and percentage of occupational asthma in hairdressers (table 6). 
DISCUSSION
In 1996-99, 2178 cases of occupational asthma were reported to the French ONAP surveillance programme, which represents a mean annual incidence of 24 cases par million workers. This number of reported cases was much (about twofold) higher than the number of cases of occupational asthma compensated over the same period in France. However, the incidence rate of reported cases of occupational asthma in France, based on voluntary reporting, was much lower than the incidence rate in Finland, based on a national mandatory notification system, 19 and in Sweden, based on self reported cases. 11 It was slightly lower than the reported incidence in the United Kingdom, which is also based on voluntary reporting, 20 and approximately the same as in Michigan and California. 21 22 It is likely that our data considerably underestimate the true incidence of occupational asthma. An occupational cause may not be considered in all cases and, even if correctly diagnosed, may not be reported. Not every person with occupational asthma consults a doctor, and not all are referred to a chest physician or an occupational physician, as many patients with occupational asthma are examined by general practitioners or allergists who did not participate in the ONAP programme. This was particularly true for self employed workers whose jobs are often high risk jobs for occupational asthma. Lastly, many patients are reluctant to report occupational risk factors for fear of losing their job. 6 The considerable differences in the regional incidence rates of occupational asthma, which cannot be explained by differences in the geographical distribution of high risk industries, probably reflect different levels of identification and reporting, and support the underreporting hypothesis.
On the other hand, the reported attempted methods of diagnosis of occupational asthma seldom included specific inhalation challenge tests. For a significant proportion of cases, clinical history was the only diagnostic tool. This supports the possibility of overreporting, as it has been shown that clinical history is sensitive but not specific for the diagnosis of occupational asthma. 23 The question of diagnostic accuracy is a potential source of error. The choice not to specify reporting criteria or to validate the diagnosis of occupational asthma after reporting was made because of the absence of consensus on the diagnostic methods and definition of occupational asthma, and because of the importance of a simple procedure in order to maintain the physician's interest in the programme. 13 A similar choice was previously adopted in most countries in which surveillances schemes of cases of occupational asthma have been implemented. 7 8 10 12 15 Globally the French ONAP gave little relevant information on new causal agents, probably as a result of the tendency to attribute occupational asthma to well known agents in the case of concomitant exposure to substances with notorious sensitising effects. 13 Despite these limitations, the reproducibility of our data, year after year, and their consistency with data of surveillance programmes in other countries make the ONAP relevant for the identification of privileged targets for primary prevention of occupational asthma.
Approximately two thirds of cases of occupational asthma reported to the ONAP were observed in men. The same sex ratio was observed in the United Kingdom, 9 20 24 in Quebec province, Canada, 13 and, to a lesser degree, in Sweden. 11 In Finland, similar numbers of cases of occupational asthma were reported in men and women, as a result of the fact that a high proportion of cases occurred in farmers, in whom the sex ratio is close to 1. 25 Analysis of cases reported in the United Kingdom, 9 24 Sweden, 11 and Quebec province, 13 has shown an apparent increase in the incidence rate of occupational asthma in both sexes with age. These differences were not explained by differences in occupation by age. Two explanations have been proposed for these findings 9 11 21 : first, an increased susceptibility with age because of previous or longer occupational exposures, or personal habits such as smoking; second, socioeconomic reasons-that is, older workers may wish to stay in jobs despite their symptoms and seek medical care at a later stage, whereas younger people are more likely to remove themselves from exposure without seeking medical advice. Our findings, which showed the highest annual reporting rate in the 15-29 year age group, do not support an increased susceptibility with age. A large majority of cases were reported to the ONAP by occupational physicians or by occupational medicine departments to which patients are mostly referred by occupational physicians. The occupational physicians network in France is very dense (more than 6000 occupational physicians), and most workers (self employed workers excluded) are examined annually so that the diagnosis of occupational asthma might be made earlier than in other countries.
The highest incidence rates of occupational asthma in France were observed in bakers and pastry makers, and in car painters. High rates in these occupations have also been found in the United Kingdom, 24 Sweden, 11 and Finland. 25 According to the ONAP data, flour and isocyanates were the two most frequent causal agents in France. Flour was also the leading cause in Finland. 25 The proportion of cases of occupational asthma related to the inhalation of flour in the workplace was lower in the United Kingdom, 9 and in Quebec province, 13 probably because bakers and pastry makers are less numerous in these countries. As observed in France, isocyanates were also a leading cause of occupational asthma in the United Kingdom, 8 in Quebec province, 13 and in the state of Michigan, USA, 26 but not in Finland. 19 The data from the French ONAP also showed high incidences of occupational asthma among less recognised occupations, such as hairdressers and cleaners. According to the ONAP data, hairdressing represented the fourth most frequent occupation (both sexes) and the second most frequent occupation in women, among subjects with occupational asthma. The annual incidence rate in hairdressers was 308 per million. A similar rate has only been found in Finland. 25 In Sweden, the reported rate of occupational asthma in hairdressers was 129 per million. 11 In the United Kingdom the rate was 24 per million for the 1992-97 period. 20 In the west Midlands region, in the United Kingdom (SHIELD scheme), in the USA (SENSOR programme), and in Quebec province (PROPULSE), hairdressers were not even listed in the high risk occupations for asthma. 9 26 13 Most of our cases were attributed to the inhalation of persulphate salts, which are widely used as constituents of hair bleaches. Persulphate salts have been known to cause asthma for several decades. In 1986, an investigation carried out in a hairdressing salon in London with 23 staff members found four cases of occupational asthma caused by persulphate salts contained in hair bleaches. 27 Hairdressers may also be exposed to several other substances capable of producing respiratory symptoms, such as amines in hair dyes, henna, and lycopod powder. Our findings are consistent with the results of a retrospective cohort study using a self administered questionnaire to assess the risk for female hairdressers to develop asthma in Finland. 28 The relative risk of developing asthma during the 15 year observation period was 1.7 (95% CI: 1.1 to 2.5) among hairdressers, compared with referents. In a population based study in Spain, 29 an increased risk of occupational asthma was also observed in hairdressers (OR 1.94; 95% CI 0.86 to 4.39), where asthma was defined by the presence of wheezing or whistling in the chest during the previous 12 months.
According to the ONAP data, cleaning jobs were the third most frequent occupation in women with occupational asthma. A high incidence rate of occupational asthma was also found in Finland, 25 and Sweden, 30 in female cleaners, but not in the United Kingdom. 20 24 In a large population based study, comprising 15 637 people aged 20-44 years, randomly selected from the general population of 26 areas in 12 industrialised countries, 31 a high risk of asthma defined as bronchial hyperresponsiveness and reported asthma, symptoms, or medication, was shown in cleaners (OR 1.97; 95% CI 1.33 to 2.92). The excess risk for cleaners was observed in nearly all countries in this study. Furthermore, the group of cleaners was the largest of the 16 occupational groups to show an increased risk of more than 30%. In the states of California, Massachussets, Michigan, and New Jersey, participating in the SENSOR programme, cleaning materials represented 4.7% of the suspected agents associated with new onset cases of work related asthma. 32 These cleaning materials can contain respiratory irritants such as chlorine and ammonia, or sensitisers such as aldehydes or benzalkonium chloride. Cleaners are also exposed to indoor allergens such as mites, and to latex allergens via latex gloves. In our study, mites and latex were the most frequent suspected agents in cleaners with occupational asthma, in accordance with the findings of the SWORD study, which showed that cleaners represented one of the occupations with the highest rate of occupational asthma attributed to latex. 33 It has also been suggested that the increased risk of asthma in cleaners might be explained by the use of sprays and other products in kitchen cleaning and furniture polishing. 34 
Conclusion
Occupational asthma is a good example of a potentially preventable health problem. Despite a likely underreporting of cases of occupational asthma, the French ONAP has proved to be a useful surveillance programme. It has elucidated the respective importance of risks in the workplace and identified privileged targets for primary prevention.
